A new inhibitor of phospholipase A2 was isolated from the fermentation broth of Aspergillus unguis. The structure, with a depsidone carbon skeleton, was assigned by spectroscopic experiments.
In the course of calcium blocker screening of microbial metabolites, we found that a strain of fungus, SANK16888, produced a novel depsidone compound. It inhibited the binding of 3H-nitrendipine to porcine heart microsomes potently. It also inhibited inflammatory phospholipase A2 at both the enzyme and cellular levels. The compound, designated folipastatin (1), was recovered from culture broth by solvent extraction and was purified by a series of chromatographies and recrystallization. The chemical structure of folipastatin was elucidated principally by *H NMRand 13C NMRspectroscopy.
This paper describes the taxonomy and fermentation of the producing organism, and the isolation, structure determination and biological properties of folipastatin.
Materials and Methods

Discovery Screen
Originally 1 was found by a radioligand binding assay of 3H-nitrendipine, as described previously1*.
Contraction of taenia was also tested as described previously1}.
Assay of Phospholipase A2 EnzymeAssay: Peritoneal exudates were collected 18 hours after intraperitoneal injection of rabbits with 2%sodium caseinate. Phospholipase A2 was partially purified by CM-Sephadex according to the method ofFranson et al. 2) . The reaction mixture (0.5 ml) contained 100mMHEPES(pH 7.5), 5 mMCaCl2, [14C]-arachidonylphosphatidylcholine (52.6 mCi/nmol), and the enzyme preparations. The incubation was carried out at 37°C for 20minutes. The reaction was stopped by adding 2ml of Dole's reagent3). One ml of^-heptane and 0.5 ml of H2Owere added and the radioactivity of the released [14C]-arachidonic acid in the heptane layer was measured4*. Folipastatin was dissolved in DMSO and added to the reaction mixture in such a way that the final concentration of DMSO did not exceed 1%. Jar Fermentation and Processing All fermentation was carried out using GPMYmedium consisting of (%): Glycerol (5.0), potatoes (5.0), malt extract (0.5) and yeast extract (0.5), without adjustment of pH. 500 ml baffled flasks containing 100ml GPMYmedium were inoculated with the culture of strain SANK16888 grown on PDAslants. The inoculated flasks were cultured at 26°C for 3 days on a rotary shaker at 200 rpm. A 300ml seed culture was used to inoculate 15 liters of sterilized GPMY medium. The jar fermenter was stirred at 100 rpm with aeration at l.Ov/v/minute at 26°C for 7 days when it was harvested. After filtration, 1 associated with the mycelium was recovered by successive extraction with 35liters of acetone and 15liters of 80% aqueous acetone, for 1 hour each with stirring at room temperature. Combinedextracts were concentrated under reduced pressure. The resulting water phase was adjusted to pH 6.5 and extracted twice with equivalent volumes of ethyl acetate. Broth nitrate was adjusted to pH 7.0 and extracted with ethyl acetate. The resulting organic phases were separately concentrated to syrupy residues under reduced pressure. They were combinedtogether to give crude extract.
Analytical HPLC For analytical HPLC, a C18 reversed phase column (4//m, 8.0x 100mm) was employed. A linear gradient of (A) 80% triethylammonium phosphate (0.1%, pH 3.0)-20% acetonitrile and (B) 20% triethylammonium phosphate (0.1%, pH 3.0) -80% acetonitrile, with 50% B at the start rising to 100% B over 10minutes (flow rate 2ml/minute) was used to separate all of the compounds in crude extract. The compoundswere detected by UVabsorption at 210 nm. Fig. 1 shows the separation of all of the components in crude extract. Two peaks indicated by arrows inhibited 3H-nitrendipine binding to porcine heart membrane. For routine analysis, the column was eluted with acetonitrile -H2O(5 : 5) at 2ml/minute, and retention time of 1 was 8.7minutes.
Spectroscopic Method
All NMRspectra were recorded on a Jeol JNM-GX400spectrometer operated at 399.8MHzfor *H and 100.5MHzfor 13C. Tetramethylsilane was used as an internal reference for *H NMRin the acetone-d6 solution. For the 13C chemical shift reference, the 13C signal at S 29.8 ppm ofacetone-J6 was used.
Results
Microorganisms
The fungal strain SANK16888 was isolated from dust collected in a building air supply duct. The strain was identified by the method described by Klich and Pitt5). A colony on Czapek yeast extract agar (CYA)is 2.3cm in diameter after culturing at 25°C for 7 days as shown in Fig. 2a . The mycelium on the surface is dense and velutinous, sulcate, and slightly umbonateat the center due to floccose aerial hyphae. Production ofconidia is abundant and it shows deep green color at the marginal area, light brown at the center. The color of the reverse colony is brown. A colony on malt extract agar (MEA) (Fig. 2b) is 3.2cm in diameter (25°C, 7 days). The surface of the colony is plane, velutinous, and deep green all over, except for a white marginal area. White aerial myceliumdeveloped at the center. The reverse colony is grayish brown. Colony on CYAwith 20% sucrose is 4.0cm in diameter (25°C, 7 days). The colony appeared to be similar to that on CYA,except for reverse color, which was pale yellow. No exudation is observed on CYA. Soluble pigment is produced on CYAat 37°C; it is pastel yellow. Colonies on CYA at 37°C are 1.5cm in diameter.
Conidial heads are columnar on MEA,radiating on CYA. On CYA, white spicular hyphae (Fig.  2d) develop. Spicular hyphae are abundant at the colony margin (Fig. 2c) . The stipe wall of the conidiophore is smooth, thick, and brown (Fig. 2e) . A vesicle is 8~18/mi in diameter, ampulliform to clavate. The upper 1/3 -2/3 of the vesicle is covered by metulae (7~10 x 3~4.5/mi), each of which bear flask-shaped phialides (6.5~7.0 x 2.5~4/mi) (Fig. 2e) . Conidia are spherical and smooth to slightly rough (Fig. 2f) . No perfect state is observed in this strain.
From the characteristics stated above, the strain SANK16888 was identified as Aspergillus unguis (Emile-Wiel & Gaudin) Thorn & Raper.
Fermentation Fig. 3 shows a typical time course of the fermentation of strain SANK16888 in 30-liter jar fermenter. A maximum titer of 350/xg/ml of 1 was achieved after 168hours.
Isolation
Crude extract (54 g from 15 liters culture) was chromatographed in approximately 20 g portions with reverse phase HPLC (Kurita Industries Co., Ltd., ODS, 100 x 500mm) using acetonitrile-H2O (6 : 4) as the eluent at 200ml/minute. The peak with retention time 35~50minutes was collected, evaporated and rechromatographed on Senshu ODS-H-5251using acetonitrile -H2O(6 : 4) as the eluent at 6ml/minute. The peak with retention time 24 minutes was collected and recrystallized with a mixture of ethanol -H2O (1 : 1), to yield 2.8g of 1 as colorless crystals.
Structure and Physico-chemical Properties EI-MS of folipastatin
gave parent ion at m/z 380 (M+) and HREI-MSgave M+at m/z 380.1601 (C23H24O5 calcd 380.1579), indicating a molecular formula of C23H24O5 for folipastatin (1) . In the 1H NMRspectrum of 1, the aryl coupled methyl/olefmic proton pairs at 2.06~5.54ppm and 1.88 -5.38 ppm which are coupled with methyl protons at 1.78 and 1.68 ppm, respectively, were identified to form two sets of 1-methyl-1-propenyl groups. In addition to these substituents, were observed two singlet aromatic protons (6.62, 6.50 ppm), two phenolic protons (8.50, 9.12ppm) and two aromatic methyl protons (2.18 ppm) with identical chemical shifts. Among23 carbon signals identified in the 13C NMRspectrum, those with directly bonded protons could be assigned straightforwardly by analysis of the 1H-13C COSYspectrum (Table The location of substituents on each aromatic ring could be determined by the analysis of 1H-13C long range couplings obtained from the COLOC spectrum (Fig. 5) , with the consideration of the effect of phenolic and/or ether substituents on the 13C chemical shifts of the benzene ring. As the observable 1H-13C long range correlations are practically restricted to the proton -carbon pairs that are separated by two or three bonds, the presence of long range coupling between C-1" (136.9 ppm) and 2-H (6.62ppm) indicated the location of one 1-methyl-1-propenyl group at the ortho position to 2-H. The carbon signals at 159.9 and 114.8 ppm, which were long range coupled with 2-H, could be assigned to C-3 and C-4, respectively, to account for the up field shifts of C-2 (112.9ppm) and C-4 (114.8ppm) caused by the phenolic or ether substituent on C-3 (159.9 ppm). Thus the remaining carbon signal at 1 13.4ppm, which was also long range coupled with 2-H was assigned to C-1 la. One of the methyl groups resonating at 2.18 ppm could be located at C-4 due to the'1H-13C long range correlations with C-3 and C-4. The assignment of the C-4a carbon The arrow (<-) points from 13C to XH. The double-headed arrow indicate NOEcorrelation. As shown in The contraction of taenia induced by 1 him Ca2+, however, was only slightly inhibited by folipastatin or unguinol, and the potencies were less than 1 %of dilitiazem. Blood pressure of spontaneous hypertensive rats was also unaffected by iv injection of 300A*g/kg folipastatin. On the other hand, folipastatin inhibited the phospholipase A2 purified from rabbit peritoneal exudate with an IC50 value of 39jjm (15/^g/ml), and it suppressed the release of arachidonic acid from rat polymorphonuclear leukocytes (IC50 = 24 /iM, 9 /ig/ml). These data are summarized in Table 4 . Folipastatin exhibited only a weak antibacterial activity against Bacillus subtilis. No acute toxicity was observed up to lOOmg/kg ip in mice.
Discussion
Folipastatin was found by 3H-nitrendipine binding assay. Using the same method, we previously Among microbial metabolites, duramycins and cinnamycins are reported to be inhibitors of phospholipase A27). Folipastatin is a depsidone, and it has nothing in commonwith these peptide antibiotics. The inhibition of secreted phospholipase A2 by folipastatin was reversible and noncompetitive, with a Ki value of 35^M. When administered topically, folipastatin showed anti-inflammatory activity to the 12-O-tetradecanoylphorbol 13-acetate-induced ear edemaat 0.5mg per rat or mouse (Hisamoto et al, manuscript in preparation). Folipastatin is more potent than unguinol in inhibiting phospholipase A2 as well as 3H-nitrendipine binding (Table 4 ). This potency is attributed to the additional 1-methyl-1 -propenyl group in its structure, and the introduction of this group contributes to increased hydrophobicity. There are several depsidones besides unguinol, such as 2-chlorounguinol8), nidulin9) and emeguisins10). Therefore, more detailed study on the structure-activity relationship will be informative in evaluating the antiinflammatory effects of depsidones.
Phospholipase A2 used in the present study is 14kdaltons enzyme. The specificity of folipastatin to this enzyme and the lOO kdaltons enzyme recently described11} is a subject of current interest.
